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(57) A singlemode optical fiber [700] having very low 
loss at 1385 nm, and a practical method for making 
same are disclosed. A core rod [20] is fabricated using 
vapor axial deposition to have a deposited dadding/core 
ratio (D/d) that is less than 7.5. The core rod is dehy- 
drated in a chlorine- or fluorine-containing atmosphere 
at about 1 200*C to reduce the amount of OH present to 
less than 0.8 parts per billion by weight, and then con- 
solidated in a helium atmosphere at about 1500^*0 to 
convert the porous soot body into a glass. The consoli- 
dated core rod is elongated using an oxygen-hydrogen 
torch that creates a layer of OH ions on the surface of 
the rod that are largely removed by plasma etching. Fi- 
nally, the core rod is installed In a glass tube [40] having 
a suitably low OH content. Thereafter, the tube is col- 
lapsed onto the rod to create a prefomi [60]. Conven- 
tional methods are employed for drawing an optical fiber 
from the prefonn and applying one or more protective 
coatings [75. 76]. The disclosed method is suitable for 
commercial production of low-OH fiber. Significantly, the 
fiber's loss at 1385 nm is reduced to a level that is less 
than its loss at 1310 nm, thereby rendering the entire 
wavelength region 1200 - 1600 nm suitable for optical 
transmission. In particular, wave-division-multiplex sys- 
tems are now available to transmit optical signals over 
distances greater than 10 km in the wavelength region 



between 1360 nm and 1430 nm. 
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Description 
Technical Field 

[0001] This invention generally relates to singlemode 
optical fibers and, more particularly, to the fabrication of 
an optical fiber having desirable transmission charac- 
teristics over the entire wavelength region 1200 - 1 600 
nanometers (nm). 

Background of the Invention 

[0002] Optical loss in a glass fiber is the measure of 
the purity of the glass, and describes how the light is 
attenuated from the input end of the fiber to its output 
end. The lower the loss, the greater the distance that 
light can travel before It must be amplified. Loss through 
glass is particularly low in the wavelength region 1200 
- 1 600 nm, and yet for years lightwave transmission has 
been confined to the wavelength regions around 1310 
nm and 1550 nm. A number of factors have conspired 
to confine transmission to these regions including: fiber 
bending loss above 1600 nm; the gain characteristic of 
present-day optical amplifiers; Rayleigh scattering; and 
hydroxyl-ion (OH) absorption centered around 1 385 nm. 
With regard to the availability of light sources in the 1 360 

- 1430 nm wavelength region, a "no-man's land" has 
been created. However, there is no physical banier to 
producing optical sources throughout the wavelength 
range 1200 - 1600 nm with the Indium Phosphide (InP) 

- based materials system. In fact, many researchers 
have produced lasers at various wavelengths in this re- 
gion precisely to study optical absorption not only in fib- 
er, but also in the characterization of atmospheric con- 
taminants. Moreover, fiber-amplifier pump lasers have 
been made to emit at 1480 nm. 

[0003] FIG. 1 shows the overall spectral loss curve for 
an optical fiber having a glass core. The toss curve is 
shown in the wavelength region where the overall loss 
is low enough for practical optical systems to operate. 
Loss in this wavelength region is primarily attributable 
to Rayleigh scattering and OH absorption. 
[0004] Rayleigh scattering is a basic phenomenon 
that results from density and compositional variations 
within the fiber matenal. These variations occur when 
the glass is produced, since rt must pass through the 
glass transition point In becoming an amorphous solid. 
There is a certain level of thenmal agitation occurring at 
the transition point, causing thermal and compositional 
fluctuations that are "frozen" into the lattice at the sof- 
tening point and are dependent on material composi- 
tion. The scale of these imperfections Issmalierthan the 
wavelength of the light. They are fundamental, cannot 
be eliminated, and set the lower limit on fiber loss. 
Rayleigh scattering is proportional to 1/X^, where X is 
the wavelength of the light. 

[0005] Optical loss at 1385 nm is a measure of the 
water remaining in the glass. The more water that is 



present, the higher the loss. Accordingly, hydroxyl-ion 
absorption is frequently refen^ed to as "water" absorp- 
tion, and it arises from lightwave energy being absorbed 
by the OH ion at wavelengths that are related to its dif- 

5 ferent vibration modes. For example, the two fundamen- 
tal vibrations of this ion occur at 2730 nm and 6250 nm 
and correspond to its stretching and bending motions 
respectively. Nevertheless, overtones and combination 
vibrations strongly influence the loss in the near Infrared 

10 and visible wavelength regions. In particular, the over- 
tone at 1385 nm resides in the heart of a transmission 
region where future optical fiber systenns may be oper- 
ated. It has long been desirable to reduce this particular 
"water peak" to as low a value as possible. Unfortunate- 

15 ly, concentrations of OH as low as one part per million 
(ppm) cause losses as high as 65 dB/Itm at 1385 nm. 
And while it is desirable to reduce OH concentration to 
a level such that the overall optical loss at 1385 nm is 
comparable to the overall optical loss at 1310 nm {i.e., 

20 about 0.33 dB/km), it has not been commercially feasi- 
ble to reduce it a thousandfold to about 0.8 parts per 
billion (ppb). Such an OH concentration would add 0.05 
dB/km to the Rayleigh scattering loss at 1 385 nm in or- 
der for the overall loss at this wavelength to be about 

25 0.33 dB/km. 

[0006] Three "windows" are shown in FIG. 1 - each 
Identifying a wavelength region for nomnal operation on 
an optical fiber. Histork;ally, early fiber systems operated 
near 825 nm (the first window) because laser sources 

30 and detectors became available at these wavelengths 
in 1979. Second window systems operating near 1310 
nm became available between 1980 and 1983 and, 
more recently, third window systems operating near 
1 550 nm were introduced in 1 986. Forf uture optical sys- 

35 tems, elimination of the water peak at 1385 nm, in a 
commercially available optical fiber, would effectively 
open the entire wavelength range 1200 - 1600 nm for 
lightwave transmission. 

[0007] In multimode fibers, lightwaves are strongly 
40 confined to the core due to the relatively large difference 
in refractive index between the core and the deposited 
cladding that surrounds it. And since lightwaves are ef- 
fectively confined to the core in multimode fibers, OH 
ions in the cladding do not have a significant effect on 
45 optical loss. Indeed, multimode fibers having lowOH ab- 
sorption in the 1 385 nm region have been fabricated and 
are reported in the literature. See, for example, Moriya- 
ma et al. Ultimately Ijow OH Content V.A,D. Optical Fi- 
bres, Electronics Letters, August 28, 1980 Vol. 16, No. 
50 IB, pp. 698-699. However, it is desirable to fabricate a 
singlemode fiber, wherein a significant portion of the en- 
ergy travels In the cladding, having a low water-absorp- 
tion peak at 1385 nm. 

[0008] A singlemode optical fiber having a low water- 
55 absorption peak at 1385 nm was reported during Au- 
gust, 1986 in the article Recent Developments in Vapor 
Phase Axial Deposition by H. Murata, Journal of Light- 
wave Technology, Vol. LT-4, No. 8, pp. 1 026-1 033. How- 
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ever, low water absorption is achieved by initially depos- 
iting a substantial amount of cladding onto the core prior 
to overciadding with a silica tube. (The VAD process is 
capital intensive, and any reduction in productivity in- 
creases the manufacturing cost to the point that depos- 
iting large amounts of cladding are unacceptable for the 
mass production of preforms.) A figure of merit (D/d), 
known as the deposited cladding/core ratio, has been 
defined as the ratio of the diameter of the rod (D) to the 
diameter of the core (d); and it is desirable for this di- 
mensionless number to be as tow as possible because 
the amount of deposited material is proportional to {D/ 
d)2. Murata reports that the deposited cladding/core ra- 
tio is greater than 7.5 before it Is overclad with a silica- 
tube in order to.assure low OH content in the fiber for a 
number of different overciadding tubes. Nevertheless, it 
is desirable to fabricate a core rod having low OH con- 
tent wherein D/d is less than 7.5. 
[0009] it is known to fabricate an optical fiber having 
low OH content using the modified chemical vapor dep- 
osition (MCVD) process such as shown In U.S. Patent 
5,397,372 that Issued on March 14, 1995. In this patent, 
a hydrogen-free plasma torch is used for the deposition 
of high-index material inside a glass tube. The glass 
tube is then collapsed to become a prefomi, but only 
short lengths of fiber (e.^., 0.7 km) can be drawn from 
such a preform. In commercial production, however, 
large preforms are required for making long lengths of 
fiber. And the rod-in-tube technique is a cost-effective 
way of making large preforms, although OH contamina- 
tion can be a serious problem. 
[001 OJ Accordingly, what is sought is an optical trans- 
mission system that Is capable of operating over long 
distances at wavelengths in the 1360-1430 nm region. 
More importantly, what is sought a singlemode optfcal 
fiber having a low water peak at 1385 nm and a com- 
mercially viable process for making same. 
[0011] U.S. Patent A-4,737,179 discloses a method 
of producing a glass pref orni by first forming a cylindrical 
rod by the vapour axial deposition method, and secondly 
by inserting the rod into a glass tube and integrating 
them by heat. No mention is made of lowering OH con- 
centration. 

[001 2] U.S. A-5,397,372 describes a method of fomn- 
ing a glass prefomi substantially free of OH impurities 
by using a hydrogen-free plasma torch in an MCVD 
process. 

[0013] According to the present Invention, there is 
provided a method as defined in claim 1 or a system as 
defined in claim 10. 

[001 4] A process for fabricating a singlemode optical 
fiber having low optical loss at 1385 nm starts with the 
step of forming a glass rod having a core whose Index 
of refraction is higher than the index of refraction of a 
layer of deposited cladding that surrounds it The diam- 
eter of the core is designated (d) and the diameter of the 
deposited cladding is designated (Di, The core rod has 
a cladding/core ratio that is less than 7.5, and the con- 



centration of OH ions Is less than 0.8 parts per billion by 
weight. The core rod is elongated prior to installation in 
a hollow glass tube having a suitably low concentration 
of OH ions. After installation, the tube is collapsed onto 

5 the core rod by exposing the tube to a heat source. The 
resulting structure is referred to as a prefomi. 
[0015] An optical fiber Is fomned by placing the pre- 
form in a fumace and drawing a thin glass fiber from one 
end. The glass fiber is then coated with one or more lay- 

10 ers of protective coating material(s), which are cured by 
radiation. 

[001 6] In an embodiment of the invention, the core rod 
is doped with gemianium and fabricated by vapor axial 
deposition (VAD). Once the core rod is fornied, it is de- 

15 hydrated in a chlorine or fluorine-containing atmosphere 
at a temperature less than 1300^*0, and then consoli- 
dated in a helium atmosphere at a temperature greater 
than 1400'C. A small amount of material Is removed 
from the surface of the rod during etching, which Is pref- 

20 erably accomplished using a hydrogen-free plasma 
torch. 

[001 7] In one embodiment, elongation of the core rod 
is achieved using an oxygen-hydrogen torch, which sub- 
sequently requires an etching step to remove the layer 

25 of OH contaminants on the surface of the rod that are 
created by the torch. In another embodiment, elongation 
of the core rod Is achieved using a hydrogen-free plas- 
ma torch, which does not contaminate the surface of the 
rod and, hence, does not require a subsequent etching 

30 step. 

[0018] The inventors are the first to recognize that 
commercial production of optical fiber having very low 
OH content Is possible; and that this can be achieved 
using known steps that have never been combined be- 

35 fore. Indeed, notwithstanding the long-felt need to use 
the entire wavelength region 1200 - 1600 nm for optical 
transmission, and reports of "heroic" experiments dur- 
ing the early 1 980*s demonstrating that optical fiber can 
be fabricated with low OH content, no manufacturer 

40 commercially offers such a product today! 

Brief Description of the Drawing 

[0019] The invention and its mode of operation will be 
45 more clearly understood from the following detailed de- 
scription when read with the appended drawing in 
which: 

FIG. 1 shows the overall loss spectrum of known 
50 optical fibers, illustrating the losses that attributable 
to energy absori^ed by OH Ions at various wave- 
lengths; 

FIG. 2 generally illustrates the fabrication of a core 
rod by the vapor axial deposition process; 
55 FIG. 3 is a flow-chart diagram of a method for mak- 
ing an optical fiber in accordance with the invention; 
FIG. 4shows aplasma torch removingOH ions from 
the surface of a core rod; 
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FIG. 5 is a perspective view of an apparatus for 
causing a core rod to be inserted into and aligned 
with a tube, and for causing the tube to be collapsed 
onto the rod; 

FIG. 6 shows the cross section of a glass prefomn 5 
according to the invention, illustrating the dimen- 
sions associated with its core and deposited clad- 
ding; 

FIG. 7 shows an optical fiber, drawn from the glass 
prefonn of FIG. 6, after it has been coated with two io 
protective coating layers; 

FIG. 8 is a graph showing the measured transmis- 
sion characteristic of an optical fiber manufactured 
in accordance with the invention; and 
FIG. 9 discloses a four-channel WDM system oper- 
ating over a transmission path that allows operation 
at wavelengths In the 1360 - 1430 nm region. 

Detailed Description 

[0020] Reference is initially made to FIG. 3 which pro- 
vides a general overview of the preferred method for 
fabricating an optical fiber having low loss at 1385 nm 
in accordance with the present invention. These steps 
have individual numerals (31-38) which will be referred 
to throughout this specification. The first three steps (nu- 
merals 31 -33) relate to the fabrication of a core rod hav- 
ing a suitably low OH content (i.e., less than 0.8 parts 
per billion) that can be overclad with a glass tube. Ac- 
cordingly, the first three steps can be replaced by the 
single step of fonning a core rod having a deposited 
cladding/core ratio that is less than 7.5, and having an 
OH content that Is less than 0.8 parts per billion by 
weight. Preferably, the core rod is fabricated by VAD per 
step numeral 31 as discussed below: 

Core Rod Fabrication 

[0021] Reference is made to FIG. 2 for a discussion 
of the VAD process in which glass particles or "soof are 
deposited on a silica starting rod. Core rod 20 comprises 
a core 21 whose index of refraction is higher than the 
index of refraction of the deposited cladding 22. It is not- 
ed that light bends toward the region whose index of re- 
fraction is higher, and It this law of physics that is invoked 
to guide light along the center of an optical fiber. To cre- 
ate a region having a relatively high index of .refraction, 
a torch 201 is supplied with fuel {e.g., oxygen and hy- 
drogen) and raw material {e.g., GeCI^ and SiCy such 
that the torch projects vaporized raw material within a 
flame toward the center of the glass rod. The flame 
causes the raw material to react so as to deposit glass 
particles (soot) onto the core rod 20. The core rod typi- 
cally extends vertically with the initial deposition at its 
upper end. It is then moved vertically upward and rotat- 
ed so that glass soot is deposited along its entire length 
and circumference. Another torch 202 Is used to deposit 
a layer of glass 22, called the deposited cladding, onto 
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the core 21 , The raw material used in torch 202 for mak- 
ing the cladding 22 is SiCl4, for example. It is thus noted 
that gemnanium doping of the core 21 is one way to cre- 
ate a core having a higher index of refraction than the 
cladding. Alternatively, SiCI^ can be the raw material 
used in making the core 21 while fluorine doping of the 
deposited cladding will create a cladding with a lower 
index of refraction than the core. In this situation, fluo- 
rides such as SFe^ CCI2F2, CF4 are mixed with SiC^ in 
the cladding torch 202. Specific details regarding differ- 
ent fiber fabrication processes are contained in Chapter 
4 of the textbook Optical Fiber Telecommunications II, 
Academic Press, Inc., ©1988 AT&T and Bell Commu- 
nications Research, Inc. In particular, section 4.4.4 
(pages 169-180) deals with the VAD process and is 
hereby incorporated by reference. 
[0022] In the above-described VAD process, the di- 
ameter of the deposited cladding (D) Is less than 7.5 
times the diameter of the core (d). And because core 
rod fabrication is an expensive process, any time saved 
In making the core rod translates directly into lowerfiber 
cost. In fact, the amount of VAD deposit required for the 
core rod is proportional to (D/d)^. But as D/d for the core 
rod becomes smaller, the need for purity in the overclad- 
ding tube becomes greater. By decreasing D/d, more 
optical power in the fiber travels In the overcladding 
tube, and Impurities such as OH Ions cause additional 
absorption loss. This is because OH ions are mobile and 
will migrate toward the core, particularly during the fiber 
drawcperation.. And, even worse, OH ions can decom- 
pose into hydrogen, which is much more mobile than 
OH itself, and can also diffuse into the fiber core during 
fiber draw. Subsequent reaction between the hydrogen 
and atomic defects in the fiber core will cause OH ions 
to fonm there. Core rods having deposited cladding/core 
ratios that are less than 2.0 require overcladding tubes 
having unusually low OH content, which is not cost ef- 
fective at the present time. Accordingly, a commercially 
practical range for deposited cladding/core ratios has 
been determined to be 2.0 < D/d < 7.5 at present. 
[0023] Step numeral 32 in FIG. 3 indicates that the 
core rod is dehydrated by placing it in a chlorine- or flu- 
orine-containing atmosphere at a temperature of about 
1 200*C. At this stage, the core rod Is a porous soot body 
and chlorine gas, for example, easily permeates the In- 
terstices of the soot body and replaces OH ions with 
chlorine Ions, thereby resulting In a soot body that is sub- 
stantially water free. The OH ion replacement rate is re- 
lated to the chlorine gas flow rate and the dehydration 
temperature. 

[0024] Step numeral 33 In FIG. 3 indicates that the 
core rod is consolidated by placing it in a helium atmos- 
phere at a temperature of about 1500''C. Consolidation 
is the step in which the porous soot rod is converted into 
a dense glass that is free from particle boundaries. Spe- 
cific details regarding the dehydration and consolidation 
steps are provided in U.S. Patent 3,933,454, which is- 
sued on January 20, 1976 and is hereby incorporated 
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by reference. 

[0025] Step numeral 34 in FIG. 3 indicates that the 
core rod is preferably elongated using an oxygen-hydro- 
gen torch. This is the most cost-effective manner of sup- 
plying the large amount of heat needed for this step. Al- s 
ternatively, this step is carried out using a hydrogen-free 
plasma torch, as discussed below, and advantageously 
eliminates the need for etching (step numeral 35). Typ- 
ically, core rods grown by the VAD process are too large 
to fit into overcladding tubes of reasonable size, and are 
usually stretched to decrease their diameter prior to in- 
sertion. Stretching is accomplished on a glass lathe 
whose construction is well known in the art. The core 
rod is mounted between the headstock and tailstock of 
the lathe for cojoint rotation therewith. As the core rod 
rotates, a torch moves below it along its central axis at 
a constant rate toward the headstock. Simultaneous 
with the movement of the torch, the tailstock moves 
away from the headstock, causing the core rod to be 
stretched to reduce its diameter. Combustible gases, 
such as hydrogen and oxygen are flowed through the 
torch at an exemplary rate of 30 liters per minute (1 pm) 
and 1 5 1 pm respectively. And while the use of hydrogen 
is commercially practical, it creates a layer of OH on the 
surface of the core rod. Core rod stretching is known in 
the art and specific details are disclosed, for example, 
in U.S. Pat. 4,578,101 that issued on March 25, 1986. 

Com Rod Etching 

[0026] Step numeral 35 indicates that the elongated 
core rod is etched, preferably with a hydrogen-free plas- 
ma torch. FIG. 4 schematically shows apparatus for the 
plasma etching of core rod 20 to remove a substantial 
portion of the OH Ions that are present on the surface 
of the rod. Detailed information regarding plasma etch- 
ing is available in U.S. Pat. 5,000,771 , which issued on 
March 19, 1991 and is hereby Incorporated by refer- 
ence. A brief discussion of the plasma etching process 
is given below, although it is understood that other etch- 
ing techniques may be employed to effectively remove 
OH ions from the rod's surface. These other etching 
techniques Include, but are not limited to, mechanical 
grinding and chemical etching. 
[0027] An isothermal plasma can be used for rapidly 
removing (etching) silica and silicate glass from the out- 
er surface of a glass rod. With an isothemnal plasma 
torch, the predominant mechanism for material removal 
is vaporization due to the high plasma temperature, 
whksh can typically attain levels greater than 9000*C in 
the plasma center. Contact of the electrically conductive 
fireball with the refractory dielectric surface efficiently 
transfers energy to the surface, and raises the surface 
temperature above the vaporization point of the dielec- 
tric materials thereon. 

[0028] FIG. 4 schematically depicts an exemplary ap- 
paratus for plasma etching. A torch 10 comprises a 
fused siltea mantle 11 connected both to a gas source 



1 8 by tube 16 and to a gas source 17 by tube 15. Gas 
source 17 delivers the desired gas used for the plasma 
discharge into the mantle 11 and through shield 22. The 
plasma fireball 1 2 is excited by an RF coil 1 9 and an RF 
generator 14. Gas sources are generally used to provide 
an ionizable gas, with the plasma fireball primarily con- 
tained in a confinement region of the torch. A substantial 
portion of the plasma fireball can be pushed out of the 
confinement region by adding, to the ionizable dis- 
charge gas, a high ionization threshold gas. The addi- 
tional gas, supplied by gas source 18 and confined to 
the outer region of the torch by shield 110, creates an 
area in the upper portion of the confinement region 
where higher energy is needed to couple RF energy into 
the gasses to form a plasma. The portion of the fireball 
outside the torch is typically less than 50%, since main- 
taining a stable plasma generally requires the plasma 
centerto remain In the torch for sufficient energy to cou* 
pie Into the plasnna from the RF source. Additionally, op- 
eration with the fireball extended outside the torch by 
approximately 30% to 50% of its volume generally plac- 
es greater requirements on the power requirements of 
the RF source and the flow rate of the gases involved 
with theprocess than operation below30%of thefireball 
volume. By pushing the plasma centertowards the torch 
exit, the plasma fireball can easily contact the core rod 
20. Furthemnore, contact is most readily made as the 
plasma fireball is pushed farther outside the torch. 
[0029] The core rod 20 is mounted on a lathe 120 in 
such a way that the rod can be rotated. Generally, 
means for mounting and rotating such rods are known 
to those skilled in the art. Rotating the cylindrbal core 
rod unlfomnly, with appropriate movement of the plasma 
torch along the rod, allow material to be removed from 
substantially the entire surface such that the core rod 
20 retains its cross-sectional shape. More importantly, 
this particular etching technique allows removal of OH 
ions from the rod surface. In the preferred embodiment 
of the invention, an etch depth of 0.25 ±0.15 mm is se- 
lected. Accordingly, a core rod having a diameter of 
about 20 mm before plasma etching would have a di- 
ameter of about 1 9.5 mm after etching. 
[0030] Gas flow rates into the plasma torch with either 
O2 or Og/Ar as the currently preferred gas, generally 
range from 1 .0 to 1 00 liters/min . The plasma fireball, ex- 
cited by an RF generator that typically provides output 
power between 20 and 40 kW at 3 MHz, for example, 
traverses the core rod at speeds typically from 0.01 to 
1 00 cm/sec covering about 1 meter of the core rod being 
processed. Generally, the core rod Is rotated between 
0.1 and 200 rpm. These conditions can produce etch 
rates typically in the range from below 0.01 grams/min. 
to greater than 10 grams/min. 
[0031] Overall fiber cost is reduced through the use 
of larger overcladding tubes. Preferably, the tube com- 
prises synthetic silica, which is known for its high purity, 
low attenuation, and high tensile strength. The purity of 
the overcladding tube will detennlne just how close to 
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the core It can be placed. Step numeral 36 indicates that 
the core rod is overciad with a glass tube having a suit- 
ably low level of OH, which Is to say that as the value of 
D/d becomes smaller, the purity of the tube needs to be 
higher (i.e., its OH content needs to be lower). For ex- 
ample, the following table illustrates various OH concen- 
tration levels in the overcladding tube that are suitably 
low for use in the present invention: 



D/d 


OH Concentration 


7.5 
5.2 
4.4 


< 200 ppm 

< 1 .0 ppm 

< 0.5 ppm 



Rod-in-Tube 

[0032] Step numeral 37 In FIG. 3 indicates that the 
glass tube is now collapsed onto the core rod to create 
a prefomn. Reference is made to FIG. 5 for a discussion 
of this step. Apparatus 500 Is used to install core rod 20 
into a hollow glass tube 40, and to collapse the tube onto 
the rod. As shown in FIG. 5, the glass tube 40 is mounted 
with a longitudinal axis 401 thereof extending vertically. 
Also, the tube 40 is mounted in a gimbal-type chuck 52 
which is mounted in a holder 53 supported on a lower 
anm 55 of a vertical lathe frame 51 0, so that it is hinged 
and can be moved pivotally In any direction about its 
base. The lower chuck 52 also provides a seal with the 
outer surface of the tube 40. The rod 20 is suspended 
from an overhead chuck 51 and aligned with the tube. 
The chuck 51 is supported from an upper axm 56, which 
is cantilevered from the lathe frame 510. Aftenwards, rel- 
ative is established between the lower and upper lathe 
arms 55 and 56, respectively, and hence between the 
tube and the rod to cause a substantial portion of the 
length of the rod to become disposed within the tube. 
[0033] The clearance at any point between the outer 
surface of the rod 20 and the inner surface of the tube 
40 is controlled. For example, a rod having an outer di- 
ameter of 20 mm would be used with a tube having an 
inner diameter of 21 .5 mm so that a unlfomi clearance 
of about 0.75 mm obtains. And although It is preferred 
that the rod be centered within the tube at the outset, 
this objective is not always achieved upon Insertion, and 
the rod sometimes touches the tube prior to collapse or 
is not concentric therewith. Should there be a pre-col- 
lapse touching or non-concentric condition (eccentrici- 
ty), the resulting overciad prefonn will have a center 
which is offset from the center of the rod. Nevertheless, 
in order to reduce such eccentricity, the tube can be 
moved, as appropriate, via the gimbal-type joint at the 
base of lathe frame 51 0 that pemnrts pivotal movement 
in any direction. 

[0034] A ring-type torch 520, which may be an oxy- 
gen-hydrogen torch, for example, circumscribes the en- 
tire periphery of the tube 40. As the tube 40 and the rod 
20 are turned about their longitudinal axes, the torch 520 



heats the tube 40 sufficiently to allow the tube to repo- 
sition itself and form an offset at the location of the dwell 
of the torch, thereby allowing the tube to become cen- 
tered about the rod. In effect, the tube 40 is stress-re- 

3* lleved by heating it at a specific location and allowing it 
to align itself with the rod 20. For a predetermined dwell 
time, the torch 520 remains at or near the top end 41 of 
the tube, thereby causing It to become sealed to the rod 
20 at this point. At this time, vacuum apparatus 530 hav- 

10 ing a tube 531 that extends through the arm 55 and hold- 
er 53 and which is connected to a lower end of the tube, 
causes the pressure within the tube to be lowered with 
respect to the pressure outside the tube. As a result, the 
sealing of the top end portion of the tube to the rod is 

f5 accomplished with a vacuum assist. Illustratively, the 
pressure inside the tube is about 0.2 atmosphere. After 
the dwell time, the torch 520 is moved downward, tra- 
versing the length of the tube. A vacuum is maintained 
as the torch traverses the length of the tube 40, subject- 

20 ing successive increments of length of the tube to a zone 
of heat and causing the tube 40 to be collapsed at a 
relatively rapid rate onto the rod 20 to create a prefomfi 
whose cross section is shown in FIG. 6. For more details 
regarding this process, reference is made to U.S. Pat. 

25 4,820,322 that issued on April 11,1 989 and is hereby 
incorporated by reference. Alternatively, the glass tube 
can be collapsed onto the core rod using a plasma torch 
to further reduce OH contamination as disclosed in U. 
S. Pat. 5,578,1 06 that issued on Nov. 26, 1 996. It is gen- 

30 erally not necessary to remove the OH layer on the outer 
surface of the overciad tube that is fomned during the 
overcladding process because the OH layer is quite far 
from the core. Illustrative dimensions of the preform are: 
1 00 cm (length); 63 mm (overcladding diameter); 1 9 mm 

35 (deposited cladding diameter); and 4.5 mm (core diam- 
eter). Accordingly, D/d = 4.2. 

Fiber Draw and Coating 

40 [0035] Step numeral 38 In FIG. 3 indicates the proc- 
ess of drawing an optical fiber from a heated (about 
2000**C) end portion of the preform. In the manufacture 
of optk»t fiber, the glass prefbnm Is suspended vertically 
and moved into a furnace at a controlled rate. The pre- 

45 form softens in the furnace and a glass fiber is drawn 
freely from the molten end of the preform by a capstan 
located at the base of a draw tower. Because the surface 
of the glass fiber is susceptible to damage caused by 
abraston, it is necessary to coat the fiber after it is drawn 

50 ~ but before It comes Into contact with any surface. In- 
asmuch as the application of a coating material must not 
damage the glass surface, the coating material is ap- 
plied in a liquid state. Once applied, the coating material 
must solidify before the glass fiber reaches the capstan. 

55 This is typically accomplished within a brief time interval 
by photocuring - a process in which the liquid coating 
material is converted to a solid by exposure to a source 
of radiation. 
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[0036] FIG. 7 discloses a dual-coated optical fiber 
700, In accordance with the present invention, after 
drawing. As shown, two layers of coating materials are 
applied to the drawn fiber 70, which comprises a light- 
carrying core 71 , deposited cladding layer 72 and over- 
cladding 73. Glass fiber 70 has a diameter of about 1 25 
\m. It is noted that the relative dimensions of prefomi 
60, shown in FIG. 6, correspond to the relative dimen- 
sions of the drawn fiber 70. (Even though the drawn fiber 
has a diameter that is thousands of times smaller than 
the prefonn, it has the same refractive index profile!) An 
inner layer 75 of protective coating material (primary 
coating) is applied to the glass fiber 70, and then an out- 
er layer 76 (secondary coating) of protective coating ma- 
terial is applied on top of the primary coating. Both ma- 
terials are aery late-based polymers having predeter- 
mined hardness ratings. The secondary coating mate- 
rial generally has a relatively high modulus [e.g., 1 0^ Pa) 
to withstand handling, whereas the primary coating ma- 
terial has a relatively low modulus [e.g., 10^ Pa) to pro- 
vide a cushion that reduces microbending losses. The 
secondary coating material may be applied while the pri- 
mary coating is still wet, and then both coatings are si- 
multaneously cured by radiation in the ultraviolet region 
of the electromagnetic spectrum. 

Performance 

[0037] FIG. 8 shows the actual loss characteristic of 
an optical fibermanufactured according to the invention. 
The maximum measured loss in the 1385 nm region is 
less than 0.29 dB/km, which is well below the stated ob- 
jective of keeping it tower than the measured loss at 
1310 nm (about 0.33 dB/km). electronnagnetlc spec- 
trum. 

WDM System 

[0038] FIG. 9 discloses a wave-division-multiplex 
(WDM) system 90 in accordance with the invention. It 
comprises four transmitters 81-84 that modulate four 
predetermined wavelengths in the 1 200 - 1 600 nm re- 
gion with four different baseband signals. At least one 
of the transmitters {e.g., 81) operates at a wavelength 
in the 1360 - 1430 nm region. Heretofore, operation 
within that "no man's land" has been effectively fore- 
closed to long-distance optical transmission {Le,, more 
than 1 0 kilometers) because of losses attributable to en- 
ergy absorption by OH ions. The modulated wave- 
lengths are then combined via multiplexer 85 and intro- 
duced into an optical cable 900, whose general con- 
struction is known by those skilled in the relevant art and 
disdosec) in numerous publications. Illustratively, cable 
900 includes one or more fibers including singlemode 
optical fiber 700 that is manufactured according to the 
processes described herein and, consequentiy, is suit- 
able for transmitting opttoal signals in the wavelength 
region 1200 - 1600 nm, and which has a toss at 1385 



nm which is less than its loss at 1 31 0 nm. At the receiver 
end, the four-channels are split by demultiplexer 85, ac- 
cording to their wavelengths, and processed by receiv- 
ers 91 -94 to extract the individual baseband signals. Al- 

5 though not shown in FIG. 9, optical amplifiers may be 
Included in the path between the multiplexer 85 and de- 
multiplexer 95. Illustratively, the multiplexer and demul- 
tiplexer are passive optical networks. 
[0039] Although various particular embodiments have 

10 been shown and described, it is understood that modi- 
fications are possiible within the scope of the invention 
such as, for example, the fabrication of a core rod by a 
process other than VAD. 



1 . A method of fabricating a cylindrical glass body for 
single mode optical transmission comprising thefol- 

20 lowing steps: 

forming a glass rod [20] by soot deposition, said 
rod having a core [21], and a deposited clad- 
ding surrounding the core, the core diameter 
25 being designated (d) and the deposited clad- 

ding diameter being designated (D), wherein D/ 
d<7.5: 

dehydrating the glass rod in a chlorine- or fluo- 
rine-containing atmosphere at a temperature, 
30 which is less than 1300^*0 in order to reduce 

the concentration of hydroxyl ions to a level that 
is less than 0.8 parts per billion by weight; 
consolidating the glass rod at a temperature, 
which is greater than MOO'^C; 
35 providing a hollow cylindrical tube [40] having 

an inside diameter that is slightly larger than the 
outside diameter of the glass rod, said tut>e be- 
ing made from glass having a concentration of 
hydroxyl ions that is less than about 200 parts 
^ per million by weight; 

placing a substantial portion of the glass rod In- 
to the hollow tube; and 

exposing the tube to a heat source that moves 
longitudinally relative to said tube and rod, 
-45 wherein the heat from the source causes the 

tube to collapse inwardly upon said rod, where- 
by a glass preform [60] is created. 

2. The method of claim 1 further including the following 

50 steps: 



elongating the glass rod [20] using a heat 
source that contaminates the surface of the rod 
with hydroxyl ions; and 
55 removing a substantial portion of the hydroxyl 

ions for the surface of the elongated glass rod 
by etching said surface to reduce its outside di- 
ameter by a predetermined amount. 
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3. The method of claim 2 wherein the step of elongat- 
ing the glass rod [20] Is perfonned with an oxygen- 
hydrogen torch, or by use of a hydrogen-free plas- 
ma torch [10]. 

4. The method of claim 1 further including the steps: 

drawing a glass fiber [70) from the glass pre- 
form [60]; 

applying a protective coating material [75, 76] 
to the drawn glass fiber; and 
exposing the protective coating to a source of 
radiation in order to cure the protective coating 
material, whereby an optical fiber [700] is cre- 
ated. 



10 



IS 



fabricated from core rod [20] that is overclad 
with a glass tube [40] having suitably low OH 
content, said core rod having an OH concen- 
tration level that Is less than 0.8 parts per billion 
by weight, and having a deposited cladding/ 
core ratio D/d < 7.5 where (d) is the diameter 
of the core [21] and (D) is the diameter of the 
deposited cladding [22]. 



5. The method of dalm 1 wherein the step of forming 
the glass rod [20] is perfonned by vapor axiai dep- 
osition. 

6. The method of claim 5 further including the steps: 



20 



dehydrating the glass rod [20] in a chlorine-or 
fluorine-containing atmosphere at a tempera- 
ture which Is less than 1300^0; and 
consolidating the glass rod in a helium atmos- 
phere at a temperature which is greater than 
1400*0. 



25 



7. The method of claim 1 wherein the deposited clad- 30 
ding [22] is doped with Fluorine. 

8. The method of claim 2 wherein the step of etching 
the rod [20] is performed with a hydrogen-free plas- 
ma torch [10]. 35 



9. The method of claim 8 wherein plasma etching re- 
duces the outer diameter of the rod [20] by 0.5 ± 0.3 
millimeters. 

1 0. A wave-division-muttiplex (WDM) system (90) com- 
prising: 

plural sources [81-84] of optical signals modu- 
lated at different wavelengths within the region 
1200 - 1600 nanometers, at least one of said 
sources operating at a wavelength in the region 
1360-1430 nm; 

apparatus [85] for multiplexing the optical sig- 
nals at tiie input of the WDM system; 
apparatus [95] for demultiplexing the optical 
signals at the output of the WDM system; 
a transmission path extending between the 
. multiplexing apparatus and the demultiplexing 
apparatus, said transmission path being longer 
than ten kilometers, and including an optical fib- 
er [700] having a loss at 1 385 nm which is less 
than its loss at 1310 nm, wherein the fiber is 
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VAD FABRICATION OF CORE ROD 
(D/d < 7.5) 



32 



DEHYDRATE CORE ROD IN A 
CHLORINE-CONTAINING ATMOSPHERE 
(TEMP = 1200«*C) 



33 



CONSOLIDATE CORE ROD IN A 
HELIUM ATMOSPHERE 
(TEMP = 1500' C) 



34 



ELONGATE CORE ROD 
(OXYGEN-HYDROGEN TORCH) 



35 



PLASMA ETCH CORE ROD 
TO REMOVE (OH) CONTAMINATES 



36 



OVERCLAD CORE ROD WITH GLASS TUBE 
HAVING A SUITABLY LOW LEVEL OF (OH) 



37 



COLUPSE GLASS TUBE ONTO CORE ROD 
TO CREATE PREFORM 



38 



DRAW FIBER FROM PREFORM 



FIG 3 
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